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(54) Sizing DNA by induced fluorescence 

(57) A method is provided for obtaining DNA fingerprints using high speed detection systems, such as flow cytometry to 
determine unique characteristics of DNA pieces from a selected sample. In one characterization the DNA piece is 
fragmented at preselected sites to produce a plurality of DNA fragments. The DNA piece or the resulting DNA fragments are 
treated with a dye effective to stain stoichiometrically the DNA fragments. The fluorescence from the dye in the stained 
fragments is then examined to generate an output functionally related to the number of nucleotides in each one of the DNA 
fragments. The intensity of the fluorescence emissions from each fragment is directly proportional to the fragment length. 
Additional dyes can be bound to the DNA piece and DNA fragments to provide information additional to length information. 
Oligonucleotide specific dyes and/or hybridization probes can be bound to the DNA fragments to provide information on 
oligonucleotide distribution or probe hybridization to DNA fragments of different sizes. 
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gACggBSIfflB 0F THP INVENTION 

This invention relates to DNA analysis and, more 
particularly to DNA fragment size distribution analyses 
o tin This invention is the result of a contract 

*th the Department of Energy (Contract No. 

W-7405-ENG-36). eomDrised of some three billion 

The human genome is comprised ot som 

->■> nairs of chromosomes plus i 

:r::r ::rv: — : . ^— - 

^ nuclides. The organization and seguence of D» 

forming the human 9«- *"* 
ST «urce that provides the DNA. One method for accessing 
this information is to fragment the DNA at sites with Known 
characteristics and then to anaiyze the 
recent sizes, i.e.. the number of 

fragment het.een each of the sites. Polymorphisms in the 

nL structure iead to suhstantiai variation , in 
Lament sizes obtained from fragmentation of DNA pieces 
2 aUow one to differentiate one person from another or 
for. a hasis for assassin, a person. susceptibUity to 
g enetio diseases. Analysis of these poiymorphisms is often 
referred to as DNA fingerprinting. 
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DNA fingerprinting is an important medical diagnostic 
tool with additional applications to forensic 
identification, medical genetics, monitoring the effects of 
environmental mutagens, and basic molecular biology 
research. One form of DNA fingerprinting involves 

"restriction fragment length polymorphism" (RFLP) where 
restriction enzymes are used to cut a DNA piece from a 
specific source into shorter pieces, or fragments, of DNA. 
RFLP provides a unique pattern of DNA fragments containing 
a unique DNA sequence ordered by fragment size (the DNA 
fingerprint) when a DNA specimen is digested with 
restriction enzymes. There are many known restriction 
enzymes and each recognizes a specific DNA sequence of four 
to twelve base pairs at which it cuts the DNA , resulting 
in smaller fragments of DNA. 

Once the DNA piece has been cut into many fragments, 
electrophoresis is conventionally used to separate the 
fragments by size. An electric field is placed across a 
gel containing the fragments causing the smaller fragments 
to move faster than the larger ones. Gel electrophoresis 
is a well known technique and has been used to produce band 
patterns of DNA fragments that form a fingerprint to 
identify the individual source of the DNA piece under 
analysis. The band patterns of specific DNA sequences are 
conventionally visualized by binding radioactive DNA probes 
to the separated DNA fragments and exposing suitable film 
to the radioactive labeled fragments. See, e.g., J.I. 
Thornton, "DNA Profiling," C&EN, pp. 18-30 (November 20, 
1989); K. Heine, "DNA on Trial," Outlook 26:4, pp. 8-14 
(1989). m one variation* the fragment ends are tagged 
with a fluorescent dye so that the fragment migration time 
along a known path length in an electrophoretic gel can be 
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determined by automated fluorescence detects. —>•«•■ 
A v carrano. "A High-Resolution, Fluorescence-Based, 
Semiautomated Method tor DNA fingerprinting," 4 Genomes, 



pp. 129-136 (1989). _ 

There are, however, several limitations on th use of 
„el eiectrophoresis, particularly where large fragment 
9 . , involved. In both 

sizes and radioactive labeling are involve 



c 7pc ana rduiuQuw" - 

instances, the electrophoretlc separation process ta.es 
consideraole time to provide resolution for large szze 
f "™ents The development of Ueges from radioactzve 
U an additions! time consuming step and has healt 
hazards and environmental concerns assorted with 
r "active materials. Additional, the distention of 
fragment sizes is logarithmic so that the separate, i.e 
resolution, between large fragments is less than for small 
fragments. Electrophoresis also reguires relatively large 
amounts of DNA to obtain a recognizable pattern. 

!t is desirable to provide a DNA fragment size analysis 
technigue that uses only small guantities of DNA (maybe 
^ y r single strand,, provides size informat.cn within a 
short time, and has a high resolution between fragment 
sues These and other problems of the prior art are 
dressed by the present invention — ^ "°» 
cytometry-based techniques are used to obtain 
distribution of DNA fragment sizes from a DNA piece. 

Accordingly, it is an object of the present invention 
to provide rapid determination of DNA fragment sizes. 

It is another object of the present invention to obtain 
a high resolution o, DNA fragments, particularly long 
fragments. 
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One other object of the present invention is to require 
only a small DNA sample to provide accurate DNA fragment 
size fingerprints. 

Yet another object of the present invention is to 
enable fragment length detection without the use of 
radioactive labels, 

A further object, of the present invention is to use 
fluorescent intensities to determine the length of DNA 
fragments . 

Still another object of the present invention is to use 
the sorting capabilities associated with flow cytometry to 
sort the fragments by size, i.e., length, for further 
study. 

Additional objects, advantages and novel features of 
the invention will be set forth in part in the description 
which follows, and in part will become apparent to those 
skilled in the art upon examination of the following or may 
be learned by practice of the invention. The objects and 
advantages of the invention may be realized and attained by 
means of the instrumentalities and combinations 
particularly pointed out in the appended claims. 

SUMMARY OF THE INVENTION 
To achieve the foregoing and other objects, and in 
accordance with the purposes of the present invention, as 
embodied and broadly described herein, the method of this 
invention may comprise the use of an induced fluorescence 
to quantitate the length of DNA fragments. A piece of DNA 
is fragmented at preselected sites to produce a plurality 
of DNA fragments. All of the DNA fragments are treated 
with a dye effective to stoichiometrically stain the 
nucleotides along the DNA fragments. The stained DNA 
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- *r e then fluorescently examined to generate an 
T^Zi:X -ate. to the numher of nucleotides in 
each one of the DNA fragments. In one output.*, 
intensity of the fluorescence emissions fro* each fragment 
is directly proportional to the fragment length. 

t^jj^Lnf^^^nH OF THE INVENTION. 

,,4+-h the present invention, DNA 
In accordance with tne pres^n 

poXymorpnisms are characterized, I.e. , ""T**^* *• 
Ling flow cyto-etry-based techniques to provide a rapid 

ysis ot DNA fragment ei.es obtained by 
selected DNA piece with one or more enzymes selected to 
live DNA at Known sequence sites. one exemplary 
procedure tor sizing is the following: 

P X a DNA Piece from a selected source is '-g-ented 

to provide a solution of DNA 

TtaC i.e.. labeled, with an appropriate fluorescent dye 
either before or after the DNA piece is J »« Mnt ^- 

, m,e stained DNA fragments are passed through a 
detection apparatus at a concentration and rate effective 
* T-ide only one fragment in the fluorescence excitation 

volume at any one time. 

3 Each stained DNA fragment is excited, e.g. , with 
laser' irradiation, in the excitation volume and the 
resulting fluoresce intensity is measured, wherein the 
intensity of the induced fluorescence is a measure of the 
amount of stain on the fragment and concomitant fragment 

le T" The numher of fragments at each different 
,, c , n analvsis of the number of fragments 
reach' ZCrodldC the DNA piece by the selected 
enzyme or enzymes. 
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A DNA piece may be first selected from any suitable 
source, e.g., blood, tissue samples, semen, laboratory 
research specimens, etc. The DNA piece is then fragmented 
using an enzyme chosen for a particular application of the 
analysis. One particularly useful type of enzyme is a 
restriction endonuclease that recognizes specific sites, 
i.e., specific nucleotide sequences, and cleaves the DNA 
piece within the identified sequence. For example, the 
enzyme Eco RI cuts at the double piece recognition site 

• • * GAATTC • ' ' 

• • ■ CTTAAG * ' # 

Hundreds of different restriction enzymes and their 
respective cleavage sites are known. It will be 
appreciated that identical DNA pieces from a single source 
might be digested with different enzymes to yield a family 
of fingerprints. Alternatively, a DNA piece may be 
digested with multiple enzymes to further particularize the 
fragment size distribution analysis. 

Fragmentation, i.e., digestion, of a DNA piece with a 
selected enzyme is a well-known process, where the optimum 
digestion conditions are specified by the enzyme 
manufacturer. A generic restriction enzyme process for use 
with 0.2-1 of DNA is given by J- Sambrook et al. , 

Molecular Cloning . pp. 5.28-5.33, Cold Spring Harbor 
Laboratory Press (1989) : 

1. Place the DNA solution in a sterile microfuge tube 
and mix with sufficient water to give a volume of 18 
jiL. 

2. Add 2 fih of an appropriate restriction enzyme 
digestion buffer and mix by tapping the tube. An exemplary 
buffer may be formed as follows: 

200 mM potassium glutamate 
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50 mM Tris-acetate (pH 7,5) 
20 mM magnesium acetate 

100 M9/n>L bovine serum albumin (Fraction V; Sigma) 

1 mM fl-mercaptoethanol. 
3 A dd 1-2 units of restriction enzyme and mix by 

tapping the tube, where 1 unit of enzyme is defined as the 
tapping tn ^ completlon in 

temperature for the required period of 

5. Stop the reaction by adding 0.5 M EDTA ( P H 8.0) to 
= Final concentration of 10 mM. 

a final concern; varie ty of other techniques 

DNA can be fragmented by a variety 

in addition to restriction enzyme digest: 

1. DNase hypersensitivity sites 

f ootLinting) . Chromatin digestion by DNase will produce 
fragmlnts of various lengths due to differences in proteins 
thaf bind to the DNA and prevent cutting of the DNA by a 
ONase at sites where protein is bound (D... Galas et al., 
Nucleic Acids Res., 5:3157 (1987)). 

2 RNase cleavage of single-base pair mismatches A 

fl uorescent RNA probe is synthesized <~££F bis 

™*i or wild type, DNA sequence of interest, 
"c ZLZry prob/l tnen «— - « 

is to be analysed. To determine if a single nucleotide 

Latch exist, between tbe «"-~f^ w S 
the target DNA strand, the RNA:DNA hybrid is treated with 
raise a! KNase A specifically cleaves single stranded 
regions of RNA, thus cleaving the singie base pair »-.t* 
^ on in the floorescent SNA strand of the ~ 
,see .... -yers et .1 ., Science a* 1242 (»> 5) and E.F. 
Winter et al., Proc. Natl. Acad. sci. S2:"25 (1585,,. 



8 



3. RecA-assisted restriction endonuclease cleavage. 
Short oligonucleotides coated with RecA protein are 
annealed to the complementary target DNA sequence. The 
DNA: oligonucleotide hybrid is treated with Eco RI methylase 
enzyme. Eco RI sites that are not protected by the 
oligonucleotide are methylated while oligonucleotide 
protected Eco RI sites remain unaffected. Eco RI 
restriction endonuclease will cleave only at protected 
sites (i.e., unmethylated) . This method has been used to 
generate fragments>500, 000 base pairs. (L.J. Ferrin, 
Science, 254:1494 (1991). 

4. DNA fragmentation can also be accomplished by 
techniques other than enzyme digestion. For example, 
ultrasonic excitation at different frequencies might be 
used to produce a family of size distributions. Various 
chemicals also react with the nucleotides and may be used 
to fragment DNA pieces. 

The DNA fragments must be stained with a fluorescent 
dye for flow cytometric analysis. A fluorescent dye is 
selected to bind stoichiometrically to the DNA fragments. 
The complex may be formed in different ways, i.e., single 
stranded DNA, double stranded DNA, specific base pairs, 
etc. Well known dyes include ethidiura bromide, 'acridine 
orange, propidium iodide, DAPI, Hoechstj, chromomycin, 
mithramycin, 9 amino acridine, ethidium bromide heterodyne, 
asymmetric cyanine dyes, or combinations of these dyes for 
energy transfer. The selected dye or dyes bind to the 
oligonucleotides stoichiometrically along the DNA sequence, 
i.e., the binding sites along the fragments are such that 
the total number of dye molecules along any length of DNA 
is proportional to the number of base pairs (bp's) forming 
the DNA. For example, under the staining protocol set 
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forth below, the number of ethidium bromide molecules bound 
to a DNA fragment is stoichiometric and can be as hxgh as 
one-half the number of bp's. See, e.g. , C.R Cantor et 
al., "Binding of Smaller Molecules to Nucleic Adds, xn 
Bio £ hysical_C^^^ 

jjge^o^oiecules, p. 1251, W.H. Freeman and Company, 

0ne exemplary procedure for staining wxth ethxdxum 

bromide is: a - 

Add DNA sample to a solution contaxnxng 1-5 , of 
ethidium bromide per mL of solution and TE 8.0 buff er^ 
A suitable buffer is available from GIBCO and xs 10 mM 

, -. ™m phta dH 8.0. The reaction xs 
Tris-HCL and 1 mM EDT.A, pn 

complete in 5-10 minutes at room temperature. 

The stained DNA fragments are now analyzed usxng 
sensitive fluorescence detection techniques to determxne 
the fluorescence intensity from each fragment passxng 
through a detection region and having a high resolution to 
distinguish accent fragment sizes. Theoretically whxle 

distribution analysis, a typical solution will be formed 
fr om many DNA pieces and a relative DNA fragment s e 
distribution is obtained. The DNA fragments wxll typxcally 
range in size from 100 bp to 500,000 bp. 

It is well-known how to form a sequential flow stream 
of particles for use in a flow cytometer or simxlar 
sensitive fluorescence detection apparatus. See e.g., 
U.S. Patent 3,710,933, issued January 16, 1973, to Fulwyler 
et al. and nm.^^^^^' 2nd Ed., ed. M R. 
Melamed et al., Wiley-Lxss, Ne w York, 1990, incorporated 
herein by reference. A dilute solutxon of the DNA 
fragments is formed to a low concentration effectxve to 
provide the fragments spaced apart in the flow stream so 
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that only a single fragment is present in the excitation 
volume. The solution of DNA fragments is then injected 
within a laminar sheath flow stream for passage through the 
detection chamber for laser excitation of one fragment at a 
time The flow rates of the sample and the sheath are 
adjusted to maintain separation between particles and to 
provide the optimum time for each particle in the 
excitation source. An optimum time is determined from a 
consideration of sizing rate, detection sensitivity, and 
photostability of the dye tags. A suitable excitation 
source is selected to initiate fluoresce in the dye used to 
stain the DNA fragments. For example, an argon laser at 
488 nm is effective to cause ethidium bromide to fluoresce 

in a band around 600 nm. 

The sensitivity of conventional flow cytometry system 
is improved by providing a small excitation volume, e.g., 
10-20 pm diameter and 100 ,m length, with a tightly 
focused laser beam. See, e.g., J.H. Hahn et al., 
"Laser-induced Fluorescence Detection of Rhodamine-6G at 
6xl0- 15 M,« Appl. Spectrosc. 45:743 (1991), describing a 
probe volume of 11 P L, incorporated herein by reference. 
The small probe volume greatly reduces the amount of 
background emission, i.e., noise, in the output signal. 

The laser excitation may be a pulsed laser with a pulse 
of e.g., about 70ps full width, with time gating to 
differentiate between dye emission photons (delayed) and 
Raman scattering photons (prompt). See, e.g., E.B. Shera 
et al , "Detection of Single Fluorescent Molecules," Chem. 
Phys. Lett. 174:553 (November 1990), The prompt scattered 
photons occur within the laser pulse time while the dye 
emissions decay with a several nanosecond lifetime so that 
a delayed window is effective for discrimination of 
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niorescence photons from ***** scatter photons. 

Alternatively, the laser -ay be a cw laser, see. e g., 
s A Soper, "Single-Molecule Detection of Rhodamine-6G in 
Ethanolic Solutions using continuous wave Laser 
excitation," Anal. Chen. 

emitted photons can he increased hy increasing the DHA 
fragmant transit time through the laser beam and by 
selecting a dye and solvent with high photostability for 
tne dye The number of detected photons (photoelectrons, 
is also increased by increasing the sensitivity of the 
detection apparatus. Furthermore, the present invention 
involves DHA fragments rather than single molecules so that 
L longer fragment length so that a larger output 
fluorescence intensity is obtained. 

It will also be appreciated that the solution nay 
contain see dye that was not bound to the « 
This dye will be excited along with bound dye and the 
system must discriminate between the fluorescence from the 
unbound and the bound dye. In one embodiment, a pulsed 
la ser and gated detection technigue may be used to provide 
this discrimination. Per example, the excited state 
lifetimes for the unbound and bound ethidium bromide are 
ns and 2 3 ns. respectively. Thus, the detection system can 
be gated to detect only the fluorescence from the bound 
ethidium bromide and, hence, provide an output signal 
functionally related to the length of the DHA fragment- 
Alternatively, a dye might be selected *hat provi 
different fluorescence or absorption wavelengths in the 
bound and unbound states. For example, a series of 

„„ v-onorted bv I.D. Johnson et 
asymmetric cyanine dyes are reported oy 

.1 "Asymmetric Cyanine Dyes for Fluorescent Staining and 
^ntificaTL of Nucleic Acids," Fluorescence 
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Spectroscopy, Abstract 1806, FASEB J. 6-.A314, No. 1 

(January 1992) . 

Polarized fluorescence emission also provides a means 
of discriminating bound from unbound dye molecules. 
Fluorescence polarization of unbound DNA dyes is <0.05, 
whereas the fluorescence polarization of DNA bound 
fluorochromes can be between 0.20 and 0.30. See, e.g., 
L.S. Cram et al., "Fluorescence Polarization and Pulse 
Width Analysis of Chromosomes by a Flow System," J. 
Histochem. Cytochem. 27:445, No. 1 (1979); T.M. Jovin, 
"Fluorescence Polarization and Energy Transfer: Theory and 
Application," ^™ Cytometry and S orting, Ed. M.R. Melamed 
et al., pp. 156, John Wiley & Sons (1979). Discrimination 
is accomplished by using a polarized excitation source and 
detecting the emissions through a polarization filter 
placed in front of a fluorescence detector. The 
polarization filter is aligned with the polarization 
direction parallel to the polarization direction of the 

excitation source. 

For continuous cw laser excitation, an energy 
transfer-type scheme may be used to distinguish bound and 
unbound dye molecules. If a second dye is also bound to 
the DNA, the bound first dye molecules used for fragment 
sizing will be in a close proximity to the second dye 
molecules so that excitation of the second dye molecules 
will result in energy transfer from the second dye 
molecules to the first dye molecules. The unbound first 
and second dye molecules in the surrounding fluid will not 
be in proximity effective for energy transfer. Thus, only 
the bound first dye molecules will fluoresce for fragment 
length determination when the second dye molecules are 
excited. 
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AKot-t-act 1806, FASEB J. 6:A314, No. 1 
Spectroscopy, Abstract xouo, 

(January 1992) . 

Polarized fluorescence emission also provides a means 
of discriminating bound from unbound dye molecules 
Fluorescence polarization of unbound DNA dyes is <0.05 
whereas the fluorescence polarization of DNA bound 

h 6 between 0.20 and 0.30. See, e.g., 
fluorochromes can be between u 

LS Cram et al., -Fluorescence Polarization and Pulse 
widih Analysis of Chromosomes by a Flow System," J. 
Histochem. Cytochem. 27:445, No. 1 (1979); T.H.Jovir , 
..Fluorescence Polarization and Energy Transfer: Theory and 
Application," llow.cyto^tr y and Sorting , Ed. M.R. Melamed 
et al., PP. 156, John Wiley t Sons (1979). Discrimination 
is accomplished by using a polarized excitation source and 
detecting the emissions through a polarization filter 
placed in front of a fluorescence detector. The 
polarization filter is aligned with the P^rxzation 
direction parallel to the polarization direction of the 

excitation source. 

For continuous cw laser excitation, an energy 
transfer-type scheme may be used to distinguish bound and 
unbound dye molecules. If a second dye is also bound to 
the DNA, the bound first dye molecules used for fragment 
sizing will be in a close proximity to the second dye 
m olecules so that excitation of the second dye molecules 
will result in energy transfer from the second dye 
m olecules to the first dye molecules. The unbound first 
and second dye molecules in the surrounding fluid will not 
be in proximity effective for energy transfer. Thus, only 
the bound first dye molecules will fluoresce for fragment 
length determination when the second dye molecules are 
excited. 
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resolution improves as N 1 / 2 . For N=1000, a=3.87 and 
R=0.0775%. Sizing 10, 100, or even 10000 identical 
fragments is not a problem. There are many more fragments 
than 10000 in a typical electrophoresis band. Thus, it can 
be seen that the resolution can be much better than 1% on a 
100,000 bp fragment, whereas a resolution of only 10-20% 
would be expected for separation of fragments in the 
100,000 bp range by gel electrophoresis and the resolution 
degrades further as fragment length increases. 

DNA fingerprinting according to the present invention 
can also be done very rapidly. A typical DNA fingerprint 
by electrophoresis has about 50 bands. At 1000 fragments 
per band, 50 bands would require only about 8.3 minutes to 
develop a fingerprint at a fragment analysis rate of 100 
fragments/second. If only a single band is required for 
the desired resolution, the analysis time would be only 
about 1 second. If the desired resolution requires 100 
fragments per band, then the 50 band analysis would take 
only about 50 seconds. 

In an adaptation of the present invention, 
hybridization probes can be bound to the DNA restriction 
fragments and associated with fragment length sizes. 
Hybridization probes are conventionally formed containing a 
probe dye and hybridized to DNA fragments formed by base 
pair matching from the DNA piece being investigated. 
Excitation of the hybridized DNA fragments could then be 
designed to excite both the size-measuring dye and the 
probe dye so that correlation of the fluorescent outputs 
would associate the probe with various fragment lengths. 
In s itu probe hybridization to DNA is discussed in Methods 
in Cell R ioioo y- Vol. 33 . Z. Darzynkiewicz et al. Ed., 
Academic Press, Inc. (New York 1990), Chapter 37, 
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DNA fingerprinting according to the present invention 
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by electrophoresis has about 50 bands. At 1000 fragments 
per band, 50 bands would require only about 8.3 minutes to 
develop a fingerprint at a fragment analysis rate of 100 
fragments/second. If only a single band xs reared for 
the desired resolution, the analysis time would be only 
ab out 1 second. If the desired resolution requires 100 
fragments per band, then the 50 band analysis would take 

only about 50 seconds. 

in an adaptation of the present xnventxon, 
hybridization probes can be bound to the DNA restriction 
fragments and associated with fragment length sizes. 
Hybridization probes are conventionally formed contaxnxng a 
probe dye and hybridized to DNA fragments formed by base 
pair matching from the DNA piece being investigated. 
Excitation of the hybridized DNA fragments could then be 
designed to excite both the size-measuring dye and the 
probe dye so that correlation of the fluorescent outputs 
would associate the probe with various fragment lengths. 
Tn S itu probe hybridization to DNA is discussed in Methods 
Cell ^olo- Y VOL 33. Z. Darzynkiewicz et al. Ed., 
Academic Press, Inc. (New York 1990), Chapter 37, 
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Conventional sorting apparatus, as discussed in U.S. 
Patent 3,710,933 and in T. Lindmo, "Flow Sorters for 
Biological Cells," Flow Cytometry — and — Sorting, Second 
Edition , Ed. M. Melamed et al., pp. 145-169, John Wiley & 
Sons (1990), uses the fluorescence output signals discussed 
above. After the fragments have passed through the 
excitation volume for generating the output, the 
hydrodynamic flow stream is broken into droplets by, e.g., 
ultrasonic vibrations, where each drop contains no more 
than one fragment. Drops containing DNA fragments that 
have a selected fluorescence response to an excitation are 
charged by the application of a high voltage pulse across 
the drops, which then pass through charged plates that 
generate an electrostatic field to selectively deflect the 
charged drops. The charge applied to the selected drops is 
controlled by circuitry that is responsive to fluorescent 
emissions from the excitation volume within the flow 
cytometer, where the charging pulse is activated to produce 
a deflection of drops containing a material emitting 
fluorescence at a selected wavelength and intensity. 

While the above description has been directed to DNA 
pieces, the process is equally applicable to RNA strands. 
Any reference to DNA in this case should be construed to 
include RNA. Likewise, the form of signal detected is 
taught to be fluorescence. However, any form of light 
emission may be obtained, depending on the specific dye, 
such that the term fluorescence should be interpreted to 
include phosphorescence and luminescence. Further, the DNA 
or RNA being fingerprinted may not necessarily be from 
humans, since all organisms have a genome that determines 
their specific characteristics. 
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The foregoing description of the preferred embodiments 
of the invention have been presented for purposes of 
illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form 
disclosed, and obviously many modifications and variations 
are possible in light of the above teaching. The 
embodiments were chosen and described in order to best 
explain the principles of the invention and its practical 
application to thereby enable others skilled in the art to 
best utilize the invention in various embodiments and with 
various modifications as are suited to the particular use 
contemplated. It is intended that the scope of the 
invention be defined by the claims appended hereto. 
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WHAT IS CLAIMED IS: 

1. A method for sizing DNA fragments, each containing 
some number of nucleotides, by induced fluorescence, 
comprising the steps of: 

fragmenting a piece of DNA at preselected sites within 
said piece of DNA to produce a plurality of DNA fragments; 

staining said piece of DNA or said DNA fragments with a 
first dye effective to stain stoichiometrically said 

nucleotides; and 

fluorescently examining said DNA fragments after 
staining to generate a fluorescence intensity signal from 
said first dye that is functionally related to the number 
of nucleotides in each one of said DNA fragments. 

2. A method according to Claim 1, wherein the step of 
fragmenting said piece of DNA comprises the step of 
subjecting said piece to a restriction enzyme selected to 
cleave said piece at a known combination of base pairs. 

3. A method according to Claim 1, wherein the step of 
fragmenting said piece of DNA includes the steps of: 

binding a selected DNA seguence to said DNA piece to 
identify selected sites along said piece; and 

cleaving said DNA piece at said selected sites to form 
said plurality of DNA fragments. 
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4 a method according to Claim 1, wherein the step of 
stai nin g said DNA piece or said ^J^^^ 
dye includes the step of addxng said DNA piece °r 

/ «™mt. to a solution containing a dye selected from the 
fragments to a orange> 

qroup consisting ot etniuxu mffh . amV cin 
'pidium iodide, DAP!. Hoechk chromomycin mlthramycm, 
J amino acridine, and ethidium acridine ^erodyne 

5 A method according to data 2, "herein the step of 
staining said DNA piece o £ said DNA fragments wrth sard 
t irst dye includes the step of adding said DHA fronts to 
1 eolation containing a dye selected fro, the oup 
consisting of ethidium bromide, acridine orange, prop* » 
ZZ DAP!, Hoechst, chromomycin. mithramycin. , ammo 

and ethidium acridine heterodyne. 

T'iJS — to ciai » 3 - uherein the . step ° 

„ DNA piece or said DNA fragments with said 
£TV X- - step of adding said DNA fragments to 
a solution containing a dye selected from the group 
Insisting of ethidium bromide, acridine orange, propid urn 
iodide DAP! , Hoechst. chromomycin, mithramycin. , amino 
acridine, and ethidium acridine heterodyne. 

, a method according to claim 1. "herein the step of 
fl uorescently examining said DNA fragments includes the 

^forming a flow stream of said DNA fragments serially 

^Z^^S^ - a laser effective to 

firttt dve to fluoresce; and 
"s ta - intensity of the total fluorescence from 
each one of said fragments of DNA in said flow stream. 
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8. A method according to Claim 7, wherein said step 
of measuring said total fluorescence intensity further 
includes the step of differentiating dye molecules bound to 
said DNA fragments from unbound dye molecules. 

9. A method according to Claim 2, wherein the step of 
fluorescently examining said DNA fragments includes the 
steps of: 

forming a flow stream of said DNA fragments serially 
spaced apart in said flow stream; 

illuminating said flow stream with a laser effective to 
cause said first dye to fluoresce; and 

measuring the intensity of the total fluorescence from 
each one of said fragments of DNA in said flow stream. 

10. A method according to Claim 9, wherein said step 
of measuring said total fluorescence intensity further 
includes the step of differentiating dye molecules bound to 
said DNA fragments from unbound dye molecules. 

11. A method according to Claim 3, wherein the step of 
fluorescently examining said DNA fragments includes the 
steps of: 

forming a flow stream of said DNA fragments serially 
spaced apart in said flow stream; 

illuminating said flow stream with a laser effective to 
cause said first dye to fluoresce; and 

measuring the intensity of the total fluorescence from 
each one of said fragments of DNA in said flow stream. 

12. A method according to Claim 11, wherein said step 
of measuring said total fluorescence intensity further 
includes the step of differentiating dye molecules bound to 
said DNA fragments from unbound dye molecules. 
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U. A method according to CUi. 4. wherein the step of 
nuorescently examining said DNA fragments rncludes the 

forming a flow stream °f said DNA fragments serially 
=naced apart in said flow stream; 
' Uluminatlng said flow stream with a !aser effects to 
cause said first dye to fluoresce! and 

«asurin, the intensity of the total fluorescence from 
each one of said fragments of DNA in said flow stream 

14 A method according to claim 13. wherein sard step 
of .assuring said total fluorescence intensity further 
includes the step of differentiating dye molecules bound to 
said DNA fragments from unbound dye molecules. 

15 . A method according to claim 5, wherern the step of 
nuorescently examining said DNA fragments includes the 

forming a flow stream of said DNA fragments seriaily 
soaced apart in said flow stream; 
' Ululating said flow stream with a laser effective to 
cause said first dye to fluoresce; and 

mea suring the intensity of the total fluorescence from 
each one of said fragments of DNA in said flow stream. 

16 . a method according to Claim 15, wherexn said step 
of measuring said total fluorescence intensity further 
includes the step of differentiating dye molecules bound to 
said DNA fragments from unbound dye molecules. 



i 
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17. A method according to Claim 6, wherein the step of 
fluorescently examining said DNA fragments includes the 
steps of: 

forming a flow stream of said DNA fragments serially 
spaced apart in said flow stream; 

illuminating said flow stream with a laser effective to 
cause said first dye to fluoresce; and 

measuring the total fluorescence intensity from each 
one of said fragments of DNA in said flow stream. 

18. A method according to Claim 17, wherein said step 
of detecting said total fluorescence further includes the 
step of differentiating dye molecules bound to said DNA 
fragments from unbound dye molecules. 

19. A method according to Claim 8, wherein the step of 
differentiating said dye molecules includes the steps of: 

staining said DNA oligonucleotides with a second dye 
effective for energy transfer to said first dye; 

exciting said second dye for energy transfer to said 
first dye; and 

measuring the fluorescence intensity from said first 
dye to output a signal functionally related to the size of 
said DNA fragment. 

20. A method according to Claim 8, wherein the step of 
differentiating said dye molecules includes the steps of: 

exciting said first dye with a polarized source; and 
detecting fluorescence from said first dye through a 
polarization filter oriented in a polarization direction 
parallel to the polarization of said polarized source. 
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B . * — according «-^»r s ^ 

„ound to said M £ "^" tS ' ctlon wlndow a£ ter said first 
setting a second the life time of 

aetection window ^ are boun a to said « 

fluorescence of aye 

"TeasnrinT toe intensity of tie totai fluorescence 

~r rzFzzrz'"* further includln9 

TT :4-u a fluorescent dye tag, 

fragments; and flU orescent dye tags to 

fluorescently examining said ^ 
determine the associatxon of said p 

size. , . , further including 

the step uj- ;„*~onsitv signal- 

function of said fluorescence intensity * . ncluding 

24> A method according to Claim l. 
the steps of: ^ fragments with a third 

staining said DNA stra leotldes; an d 

dy e tnat „inds to —ad oi ig onu eot das. ^ 

nuorescently «-»»*» " to relate said selected 
emissions from said third «• 
oli gonucXeotide content to fragment size. 
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